Mobile services available on mobile devices such as mobile phones and Personal Digital Assistants are a suitable instrument for spontaneous, ad-hoc access to information travellers need while being on the move. The supply of mobile services with specific relevance to the traveller is already well developed: Mobile Services allow to book last-minute trips, rental cars and hotels; they provide information about changes and delays of flights and trains and offer guides on restaurants, events and sightseeing opportunities at the destination. The paper shows that integrating Location Based Services (LBS) creates additional value for most of theses products or services. LBS are applications of mobile technology that utilise the information about the location of their user. The four primary functions of LBS for the traveller are: (1) localization of persons, objects and places, (2) routing between them, (3) search for objects in proximity such as restaurants, shops, hotels, or sights, (4) and information about travelling conditions, such as traffic related data.
Introduction
Together with Health and Information, Tourism is still one of the fastest growing sectors of developed economies. According to statistics of the World Tourism Organisation (WTO) last year there were 700 million border crossing travellers. Their numbers are expected to grow to 1.6 billion by 2020. In Germany alone, expenditure for tourism amounts to 47.6 billion US$ (WTO, 2001) .
Tourism is an industry with high information intensity and the value of its use of information technology is widely acknowledged (Werthner, 2000) . Mobile information and communication technologies (ICT) play a special role because they allow a number of new services that the traveller can use while on the move (SchmidtBelz, 2002) . A specific class of these services are Location Based Services (LBS), which use the information on the user's current location (Zipf, 2002; Francica, 2002) . The content of the service or application is then customised to the specific location. This uses the spatial dimension of the mobility factor.
Occasionally, LBS are labeled the 'killer application' of the near future (e-Trend, 2002 ). Whilst such prognoses should be treated with caution, they may well be of special importance for tourism because of their potential to add real value for the traveller as the authors will show further on. The article describes the results of a study evaluating mobile services for travellers in Germany. First, however, the value chain in the tourism industry is examined in order to determine which LBS already exist throughout the industry. This is followed by a short discussion of the technology used for LBS and a more detailed comment on its usage potential for the end-user, i.e. the tourist. The article concludes by pointing out where future research should focus on.
Mobile Services for Travellers
This section starts with an overview of typical components a journey includes (in the further text these components are referred as the 'value chain' of the product 'travel'). The mobile services will be categorised on the basis of these components. The article follows on with a brief analysis of the potential for adding value with LBS for each component. Additional information about the value chain of tourism is provided in (Dettmer, 2001) for example.
The Tourism Value Chain 'Travel' as a product is heterogeneous to a large extent. At first business and private travel need to be separated. Each of those, in turn, can either be organised by the travellers themselves or by travel agents or travel organisers. Whilst these kinds of travel are different, especially with regard to the needs of the travellers, the links in the value chain are largely similar for all of them. They are: Planning/booking, transport, accommodation, and, finally, information and support at the destination (Ludwig, 2000) . The value chain is shown in Fig. 1 .
Fig. 1: Value Chain of Tourism
There is a number of different delivery agents for the services in each of the links or stages of travel:
• Travel agents, travel organisers provide information and carry out bookings
• Transport can be via the travellers own means (car, etc.), hired but self-driven, i.e.
car rental companies or third party transport by airlines, railways, ships, etc.
• Accommodation is provided by hotels and other accommodation services, such as guesthouses (bed&breakfasts), and hostels • At the destination it are local branches of larger travel organisations, travel guides, local government tourist offices, etc.
The larger travel companies (such as Preussag Touristik in Germany) are active during all stages of the value chain.
The travel process requires a high degree of information during all stages of the value chain: Travel agents offer information by catalogues, via the Internet, television, and also by personal consultations to assist the planning of journeys and make the necessary bookings. If air travel is the chosen kind of 'Transport', a check-in process is needed, and travellers must be provided with information about delays and changes to their flights.
At the destination information about the availability of accommodation is required either to find a place to stay or to make changes to reservations. Furthermore information is needed about available entertainment possibilities, current events, restaurants and sightseeing opportunities. Information and communication technologies that are not limited to a permanent situation are well suited for all these requirements, especially when they can even be used when the traveller is physically moving. This supports spontaneous decision-making and makes travelling more flexible (Schmidt-Belz, 2002) . A number of such mobile services are already available for tourists. In a first step the portals of all German mobile network operators (T-Mobile, Vodafone, Viag Interkom) and the mobile portals of Lycos, Jamba and Yahoo where scanned in order to find relevant services related to tourism. In the next paragraphs some of them for each component of the product 'travel' will be examined as an example.
Mobile Services for Planning/Booking
Most travel agents use a number of different channels for the information about their products and for the distribution of their products and services. The traditional channels are the travel agents' offices and shops, their Internet presence, and advertisements on television and other public media. More recently information dissemination over mobile handsets was beginning to be included as a separate channel by some travel companies. During the euphoria about the dominant role of electronic commerce numerous prognoses were made about the future of the distribution landscape in the tourist industry, nearly uniform in their forecast of drastically reduced revenues of travel agents and the hypergrowth of direct distribution via electronic media (Muntzke & Finke, 2000) . The tourist industry disputed these forecasts (Computerwoche, 2001 ) and they have not come true, at least not so far. On the contrary, the last few years have seen a positive revenue development of traditional travel agencies whereas the share of Internet direct bookings has been static at around 2.1% of all travel bookings in Europe, and this is well below expectations (Schäfer, 2001 ).
Despite the low Internet revenue overall, however, a number of travel agencies, mostly those with an already existing, sophisticated Internet presence, have started to offer mobile access to their information, using the Wireless Application Protocol (WAP). The WAP offer of the travel agencies are all somewhat similar. Usually they offer flights, hotels, tickets, and all-inclusive travel arrangements either at the usual rate or special offers, 'last minute' deals. They are often augmented with additional services such as city guides or 'event' travel. The structure of the WAP service of Lastminute.com is used to demonstrate this (in Fig 2. ). The functionality of mobile services in the planning and booking sector is thus somewhat small and limited. The reason for this is probably the complexity of travel as a 'product', which makes customers prefer the personal advice and contact of the traditional travel agency 'experience'. Moreover compared to using a travel agent or the Internet booking travel is difficult on a mobile handset due to a number of technical restrictions -and often not necessary, because planning and booking happens mostly before the traveller is physically on the move. The fact that most of the time mobility is not an essential requirement for the planning and booking process it is not likely that there will be significant improvements to the limited functionality of mobile technology applications in the near future.
Mobile Services in the Transport Phase
Mobile services in this phase are directed towards the traveller already on the move, either to or from his destination or within the destination. The advantage of mobile technology is here that the handsets are easy to carry and that they have seen a rapid extension of their coverage area over the last few years, i.e. where they can be used. This makes them an easily available source of information that is relevant for travellers. Services in this area are mainly offered by transport providers such as air lines or railways. Examples of such services in Germany are the Deutsche Bahn (wap.bahn.de) and a number of local transport companies, Lufthansa (wap.lufthansa.de) and car rental companies such as Sixt (wap.sixt.de).
The railways together with a rail logistics company developed a timetable system which also includes local transport companies. The system has so far been installed in 7 European railways. It provides information about the connection between 320,000 stations in Germany and 50,000 in the rest of Europe. Access to the information happens via WAP or the Short Message Service (SMS) for cellular phones. Offline access for Personal Digital Assistants (PDAs) has been added recently (HaCon, 2002) . Using the service is very similar to the Internet version and therefore relatively intuitive. Fig 3 shows the sequence for a WAP capable mobile device and also for a 'Smartphone' with a bigger display. A number of airlines have made their arrival and departure information available. Some of them also offer additional services such as notifications about flight changes (e.g. Air Canada) or offer check-in via WAP (e.g. Lufthansa). As yet, no airline offers on-line mobile bookings, probably because booking in the traditional way or over the Internet is comparatively simpler (Rogl, 2001 ).
Car rental companies like Sixt and Europcar were some of the pioneers of reservation and booking via mobile services among transport companies. In the SMS version of their -very similar -service the customer phones the call centre some four hours before the time the car is needed and makes the reservation in person. Confirmation of the reservation is sent to the customer's mobile phone via SMS. It contains a code with which the customer can retrieve the car keys from an automated safe. In the WAP version the whole booking process can be carried out over the mobile device. Car rental companies, of course, take advantage of the fact that cars are well known standardised commodities and don't need explanation and/or negotiation as individual travel plans or air line itineraries. This makes cars more suited to electronic distribution. However, the question, if booking over the phone at a call centre is not easier and more comfortable for the customer still remains.
Mobile Services in Accommodation
The services in the area of accommodation are mostly mobile offers of large international intermediaries who have a large number of hotel chains and individual hotels on their electronic 'book'. Examples are:
• HRS, Hotel Reservation Service (wap.hrs.com)
• Hotelguide (wap.hotelguide.com)
• Bedhunter.com (wap.bedhunter.com) They all offer online enquiry for room availability and sometimes reservation functionality. The search for a room happens in a number of steps: After the country and city/town has been chosen, the selection of hotels can be limited by a number of criteria such as category of hotel, type of room, price, etc. Then the selected hotel can be phoned from the WAP device to carry on with the booking. At the Bedhunter service the customer can continue to make a confirmed reservation by transmitting a credit card number. However, the Bedhunter services have a self-imposed rule that any WAP reservation must be totally completed within three minutes -otherwise a call to the call centre would be faster for the customer (Rogl, 2001 ).
Mobile Services for Information/Support at the Destination
There is an enormous amount of mobile information services with at least some relevance for the traveller. First there are city guides, such as the 'Max CityGuide'. This contains voluminous information on 31 cities world-wide, of which 10 are in Germany and 16 more in Europe. For each city there are information modules about hotels, cultural events, nightlife, restaurants, shopping, sightseeing and sport, with many more sub-divisions (see Fig 4) . The service works interactively for WAP capable mobile devices and in download-mode for PDAs. At present the service is limited, though, to static information. Dynamic content such as theatre, concert programmes or ticket availability is not yet available.
Fig. 4: Screenshots Max CityGuide
Some tourist regions offer similar information services, e.g. www.istra.com/wap. Furthermore, weather forecasts (for example wap.wetteronline.de in Germany) searching for the nearest Automated Teller Machine (ATM) with wap.forium.de (in Germany) and any number of restaurant guides are available for the public at large, but can well be of specific relevance for travellers and tourists. Other tourist related service providers are the towns and cities themselves, some museums, and especially trade fair organisers who offer maps and additional geographical information, usually in download mode for PDAs. Not only can such information be more up-to-date than printed material, but as it is especially useful for the customer on the move, mobile technology can add significant value here.
Demand and Use of Mobile Services
As the previous sections have shown, the supply of mobile services with specific relevance to the traveller is already quite well developed and the amount of services available means that the list of examples could be considerably extended. In this section the actual use of the services by tourists and other travellers is examined.
A survey of 35,000 people (Connect, 2001) First rank went to the ADAC (the main German automobile association) which offers information about traffic jams and other traffic related topics as well as route planning. The information sites of the German Railway and of Lufthansa follow. Max CityGuide has emerged as the most preferred city guide. 'Clever Tanken', a specialist database service with local petrol prices was the first of the providers with more dynamic content. Falk is a provider of city maps. Only 20% of the surveyed mobile users ranked car rental and hotel services as significantly useful.
This result points strongly to the conclusion that it are those services that provide information about travel and condition that are considered useful. Transactions are less in demand. This underlines the medium related advantage of mobile technology: it is spread widely, is simple to use and can be carried easily. Therefore it is a suitable instrument for spontaneous, Ad-Hoc access to information while being on the move. When it comes to carrying out travel related transactions such as planning and booking, the other channels (personal contact, call centres, Internet) are more appropriate to deal with the higher complexity and significant communication requirements inherent in the travel 'product'. Technical restrictions such as small displays and narrow bandwidth are an additional disadvantage of mobile devices concerning travel transactions.
The next section deals with the technologies used for localising users in a meaningful and useful way.
Location and Service Utility LBS, as explained above, are a category of services where the current geographical position of the user is an essential factor that influences the content of the service in each individual case. The geographical, or spatial dimension (manifested in such concepts as position, target or destination, route) is an important aspect of everyday decision making. The decision to go to a cinema or a restaurant normally includes the current position as a decision criteria. This way of thinking in spatial dimensions renders the current position as a natural basis for a number of services (Eriksson 2002) . It is important to note that position information is not used in the form of coordinates, but as more concrete geographical identification points such as addresses or street names (International Organization for Standardization, 2001 ). This is necessary to make the information a useful context for the (human) user.
The basis of LBS are the technologies that enable the establishment of the current position of a mobile device. Whilst a very detailed treatment is provided in (Hjelm 2002; Roth 2002; Lehner, 2001 ), a short overview of the two main types of localisation technology is given below. They differ depending on whether the necessary measurements are carried out in the network or in the device.
Network based localisation technologies
In this mode the position of the device is determined by measurements and calculations carried out by the network computers. This has the advantage that once this technology is implemented, it is simultaneously available to all the mobile devices connected to the network, without the need for changes to the devices themselves. Customers can use the service immediately and complete market penetration for the LBS service can be achieved instantly. The disadvantage of these technologies is, however, that the position so determined is often imprecise. In the following paragraphs a brief explanation of the more common network-based technologies is given.
The Cell-Id method uses the 'Cell Global Identity' (CGI), which is the unique identifier of the network cell -or a sector of one -into which the mobile is currently logged in. Figure 5 demonstrates cells and cell-sectors, each of which has a CGI. ( Swedberg, 1999) This method is the cheapest of the common technologies described here and is subsequently the one most often used. It is, however, also the most imprecise localization method, since cells have at least a radius of 100m in urban centres. This radius can increase to 35km in rural or remote areas, which is a degree of imprecision unacceptable for some LBS. Measuring the distance to the nearest transmission antenna is then used to estimate the local position of the mobile device more precisely.
Device based technologies
The advantage of these technologies, where the estimation of the local position is carried out by the device itself, is their superior precision. However, this can only be achieved at the price of changes to the device, or, more often, of requiring a new device altogether. This makes them more expensive, which is the reason why they are not very common in some markets (such as Germany). In the following paragraphs three methods, namely Enhanced Observed Time Difference (E-OTD), Assisted GPS (A-GPS) and localisation via infrared are described briefly.
In the E-OTD method the position of a mobile device is obtained by a triangulation over three base stations. The device measures the time for the signals it receives from three different transmission antennae. Since the transmission time schedules for each antennae are known precisely, the device can now calculate the distances to these. Since it also knows the exact location of the antennae, it can 'draw' circles around each mast whose radii are the calculated distances. The area where the three circles overlap must then contain the position of the device. This is shown in Figure 6 .
Fig. 6 : E-OTD Method for Localisation
In the A-GPS method the mobile network enhances a localisation in which the Global Positioning System (GPS) is used. GPS is a system of 24 satellites on six orbits around the globe. It is maintained by the USA for military purposes, but can also be used for civilian purposes.
To be able to use this method, the device must be capable of receiving the GPS signal, which contains a very precise timestamp and the current position of the satellite. Triangulation of the signals from at least four satellites is used to calculate the device's position with good precision. The satellite signals are relatively weak, however, so that reception in buildings or densely built-up areas is often impaired or even impossible. In addition, it sometimes can take some time before the device can locate four satellites above the horizon. For these reasons, data from the mobile network is used to enhance the localisation. From the CGI the device knows its own position, it can then calculate the position of the satellites that it can most easily connect to. It also knows their exact frequency, which assists in receiving weaker signals.
The technology to position mobile devices -albeit only within narrow limits -with the assistance of infrared emissions also deserves to be mentioned in this context. Connection of the mobile device (mostly PDAs) and infrared emissions from sending devices are used to determine the PDA's position. Since these emissions only carry a distance of a few metres, the proximity to the connecting sender unambiguously determines the -approximate -position of the PDA.
For many LBS the limited precision of the localisation data provided by CGI is not adequate. This indicates that the trend will move towards the increased use of device based technologies to locate mobile devices of all kinds. A further driver in this development could well be regulatory moves, following the 'FCC E-911 Mandate' in the USA. In it, the Federal Communications Commission (FCC) sets accuracy and reliability requirements for the automatic location identification used in handset-based and network-based mobile technologies. The first milestone was to be met by 1 October 2001 and decreed that emergency calls from mobile devices needed to be located with an accuracy of 125 metres. European regulatory moves may well follow.
Value added by Location Based Services
Being able to determine one's own position or the distance to another place is in itself not often of immediate value for the user of a mobile device. It is only the connection of the position information with other, position dependent information that will open the door to new service functionality and thus to adding value for travellers. For example, the knowledge that one's position is 1 km away from the next train station may be comfortable for the traveller, but only the information that one has to turn left in 200 metres in order to arrive there in time adds immediate value. Similarly the information that on a certain route one will pass interesting sights or even a shop with special offers will be of interest. Information about traffic jams en route is just as useful as not having to give a description of one's position in case of emergencies; something that can be difficult in remote or rural areas. Examples and applications like these can be conceptualised into schema (shown in Figure 7 ) that recognises four primary functions of LBS for the traveller (Koeppel, 2001 ):
• Localisation of persons, objects and places Are there any problems on the way?
• Routing between them
• Search -within a set proximity -for objects such as restaurants, shops or hotels; services such as English speaking medical doctors in Germany; place dependent information such as sights or advertising; • Information about travelling conditions, such as traffic related data.
In the following sections each of these application areas will be discussed in turn.
Localization Applications
The applications in this area use predominantly GPS technology, especially A-GPS for localisation of the mobile device. Other methods cannot deliver the position information with the required degree of precision to be useful for these applications. Furthermore precise localisation is the foundation for most or all applications in the other areas too. For example applications in local public transport use the position of the device to map out a route to the next station or bus-stop. Applications such as location based tolling or ticketing have been developed in the USA and in Asia. They use the position of the device to ascertain whether a toll or ticket is due and, via the user identification on the device, charge the appropriate amount to the owner's specified account such as a credit card. This saves time for the traveller, who would then by-pass the queues waiting for manual processing and omits the need to carry large amounts of small change. Using localisation in this way raises issues of privacy and confidentiality of personal information. Analysing movements of users recorded in this way would allow the creation of very precise consumer profiling by combining demographic data with information about live style and purchasing behaviour. The customer's trust that personal information is sufficiently and securely protected is therefore an important prerequisite for the success of LBS like these. The network operators and carriers are sensitive to this issue and guarantee, like Vodafone in Germany, which only anonymous localisation data will be handed on to content providers. Similarly the German ViagInterkom has decided to ask customers for their specific agreement before each localisation.
Routing Services
Route planning is a well-known and often used application on the Internet. It is now beginning to gain recognition in the market for mobile services also. Once the mobile device's position is determined, the route to a defined destination can be calculatedand kept up to date -automatically. Some applications offer the option to calculate the fastest or the shortest route. The output is either a graphical display of the route, or a list of route segments or both together. Often the route planning functionality is not offered as a stand-alone service, but as part of another LBS application. ViagInterkom's restaurant finder software for example offers the route to the chosen restaurant as an option after its selection. Figure 8 shows that. 
Searching for Locations in Proximity
Once the geographic position of the traveller has been determined, the question of what is in the vicinity of the device is a logical consequence. Electronic databases use special search algorithms to determine what sights, shops or other subjects of possible interest for the traveller are within a set radius to the mobile device. In the tourist industry a number of application areas is of relevance, such as city and restaurant guides, or search engines to find ATMs or petrol stations with cheap petrol. A study for Mobilkom Austria (Heim, 2001) , illustrated in Figure 9 , shows that searching for restaurants and hotels is by far the most widely used service of this kind.
Other existing services in this area are the 'hotel finder' of 'T-Motion', the mobile portal of the Deutsche Telekom, and Bedhunter, who automatically finds hotels in close proximity once the position of the device has been determined. Knowing the position of the traveller also allows the transmission of local personalised information or advertising, which can happen via SMS. In this way city tours could be planned with detailed route descriptions, with information to specific sights blended in where appropriate. This could be financed through localised advertising. The restaurant chain McDonalds for example offers registered customers an SMS service that is activated once the customer's mobile device is near a McDonalds restaurant. Travel agencies could well use a similar service to notify customers of last minute offers. In Germany, however, it is not legal to send such messages to consumers without their prior consent. This could be solved by creating an Internet registration site where the consumer could also establish an interest profile to focus -and limit -the messages to be received.
Localised information is also potentially very useful for museums or other exhibitions where the position of the visitor could be determined via PDAs and infrared emissions as described above. An example is the visitor information system developed by the Fraunhofer Institut for Graphical Data Processing. This uses mobile, context sensitive location to provide the user with Information, advice, and directions on their journey through a museum or similar institution (see http://www.rostock.igd.fhg.de/fhg_igd/abteilungen/a3/projects/xyberscout/ mobis/).
Information about Travelling Conditions (Traffic)
Traffic notifications have been available over the radio for a long time. Using LBS means that it is now possible to retrieve traffic information in real-time specifically relevant to the user's current position, which makes it possible to avoid traffic jams and other obstacles. The US Wireless Corporation (http://www.uswcorp.com) already offers such a service using sensors on motorway bridges that measure the traffic flow. This is then used to produce traffic reports that can be accessed via the mobile device. It may well be expected that such services will be offered in conjunction with dynamic route planning functionality, e.g. to offer alternative routes, etc. A current project in this field is run by the Senate of Berlin, Germany, and the traffic management company. This aims to offer dynamic route planning, navigation, and parking availability information for tourist buses. This could well help other communities, too, to profit from tourism while avoiding bottlenecks for visitors and improved load management for specific environments such as popular sights (see http://www.heuschboesefeldt.de).
Location Based Services in the Tourism Value Chain
Being able to establish one's own position can generate additional value for the traveller. In the simplest instance this comes from the fact that this obviates the need for travellers to determine this themselves -which may be difficult, or even the very purpose of the application -and then input this into a system. This makes the use of LBS easier and thus contributes to their wider acceptance: LBS are currently not yet applications in their own right. The integration of LBS functionality is, however, a natural complement for many mobile travel services, because the determination of one's own position is an important context -and often determinant -of the information to be transmitted. Such localised, mobile services combine a number of different content categories (Eriksson, 2002 ):
• Tourism 'products', such as sights, hotels, etc.
• Transport and traffic • Destination relevant information such as maps, etc.
The administration of these different information fields is usually carried out by many different actors. Localisation data is provided by mobile network operators. The information with relevance to tourism, however, is managed by a large number of actors from different backgrounds and with different motivations for the provision of information. LBS therefore need to combine the systems of a number of typically disparate organisations and manage their ongoing co-operation.
Mobile Portals for Tourism, analogous to Internet portals, offer the opportunity to integrate new technologies such as LBS with the contents of travel agents, air lines, car rentals, and other institutions of tourism or transport management, national, regional, or urban. Uniting the access to these divergent contents under one roof could well offer significant value for the traveller (Welt, 2000) , as demonstrated in this vision of 'what could be ' (Golem, 2000) : The key to success of such portals may well lie in the personalisation of the contents to the individual preferences, needs and expectations of the user -as the successful Internet portals have demonstrated. Such personalisation will be significantly assisted with the availability of current position, intended route and sequence of destinationswhich are the core functionality of Location Based Services.
Conclusion and View to the Future
In this paper a brief overview of the potential and the opportunities of mobile services, especially using LBS, for the tourist industry was provided. The spectrum of possible applications is wide and covers the whole value chain of tourism. In conclusion it seems that LBS can add specific and important value for the traveller.
In the current atmosphere of crisis throughout the telecommunications industry, however, suppliers as well as consumers have been hesitant to experiment with new technologies and new services in the mobile field. Not entirely logically justified, as has been shown on the example of the tourist industry, where mobile technologyespecially LBS -could well open up new opportunities for value adding services. The advantage of location independence of such mobile services is a natural incentive for their use in tourism. Furthermore the extension of bandwidths through the implementation of such technologies as General Packet Radio Service (GPRS) in the near term and of Universal Mobile Telecommunications System (UMTS) in the medium term should help to increase the utility of travel systems. It will then be possible to provide guides with maps, pictures, and to integrate video and synchronised audio elements ('...to your left is the medieval castle of .... with its world-famous...') into mobile services. Animations, historical documentation and computer reconstructions would add further value to the travel experience.
